Background: Knowledge about tuberculosis (TB) is important for TB control, and China's national TB control guidelines emphasise TB health promotion. A 2010 national TB epidemiology survey showed that the general public had limited knowledge and awareness of TB.
INTRODUCTION
The incidence of tuberculosis (TB) has been slowly declining each year and it is estimated that 37 million lives were saved globally between 2000 and 2013 through effective diagnosis and treatment. 1 The millennium development goal (MDG) target of a falling TB incidence rate by 2015 has already been met globally. However, the MDG targets of halving TB prevalence and mortality rates globally by 2015, compared with a baseline of 1990, remain unmet. 1 Progress towards targets for the response to multidrug-resistant TB (MDR-TB) set out in the Global Plan to Stop TB 2011-2015 is also not on track. 1 A WHO report in 2015 indicated that China still had the second highest number of cases (11% of the global total), with a high burden of MDR-TB despite international and national efforts to deal with TB in the country. 1 Ample evidence has shown that patient delay in seeking treatment, delayed diagnosis and treatment, and patient non-compliance with treatment remain a problem for TB control in China. [2] [3] [4] Lack of knowledge about TB is an important cause of delays in seeking healthcare, diagnosis, and treatment, 5 6 which increases the risk of TB transmission and the
Strengths and limitations of this study
▪ This study provides empirical data to assess changes in tuberculosis (TB) knowledge among residents of Guizhou Province, at the end of the 2010-2015 national TB control plan in the province. ▪ In addition to assessing core TB knowledge among residents of Guizhou Province, this study also assessed community health education needs, and explored the preferred channels for delivery of TB health education. ▪ TB health promotion and education are intended to improve knowledge and awareness, and also to engender behaviour change for TB prevention and improvement of treatment outcomes through adherence. A limitation of this study is that it assessed only community knowledge and awareness; it did not explore the relationship between such knowledge and TB-related behaviour change.
development of MDR-TB. 4 The Chinese government has therefore focused on improving the public's knowledge about TB, and the State Council has issued a 10-year National Plan to Control TB, with one indicator of its success assessment of public TB knowledge. The National Plan to Control TB 2001-2010 required 80% of the public to possess some knowledge of TB by the end of 2010; 7 the target for the 2011-2015 national plan was 85% by the end of 2015. 8 TB health education was emphasised in the 2006 and 2008 National Guidelines for TB Control, requiring TB health promotion to be carried out among patients with TB, patient contacts, the public, students, migrant workers, health policy makers, and health workers. 9 10 To evaluate the impact of TB health education, surveys of TB knowledge have been conducted nationally and locally, particularly at the end of each 10-year national plan. At the end of the 2001-2010 national TB control plan, the 5th National TB Survey was also conducted, to evaluate public knowledge. 3 The end of 2015 is significant, representing a transition between the MDG established in 2000 and a post-2015 development framework. 1 It is also important for China because 2015 is the final year of the 12th 5-year plan. China has initiated assessment of the achievements in every area, and evaluation of TB control is required in all regions of China. Guizhou Province in southwest China has a high TB burden and low levels of socioeconomic development.
11 12 The results of a survey of TB knowledge among residents of Guizhou, which was conducted in 2015, are reported here. It is hoped that these findings can help to identify whether the information is reaching the targets and if current TB health education methods meet the needs of residents. This will serve as a base for improving efforts to strengthen TB education in the region and similar locations in low-and middle-income countries with a high TB burden.
METHODS

Study design and setting
We conducted a cross-sectional study in Guizhou Province from June to August 2015. Guizhou is located in southwest China, and has a population of 352 022 million. The province is a historically impoverished and ecologically fragile mountainous region with a rich diversity of minority groups. Guizhou is typical of many such less developed inland provinces, with a relatively large population living in poverty 13 14 and is one the regions of China with a high TB burden. The fifth national TB epidemiological survey in 2010 indicated that the average TB prevalence ( per 100 000) in Guizhou was 1226, which is much higher than the national level (459) and also higher than that in western China (695). 3 15 The number of new patients with TB in Guizhou ranges from 40 000 to 50 000. The incidence of TB in the province has decreased since 2012 but is ranked the third highest in China after Xinjiang Province and Tibet (unpublished data). The prevalence of acquired MDR-TB cases in Guizhou is much higher (45.1%) than the national average (25.6%).
11
Study population and sampling A stratified random sample was used to select appropriate study areas, as follows. First, all counties and districts in Guizhou Province were grouped into three levels according to their ranking of TB incidence in 2014: (1) high-level TB burden (TB incidence in the highest 30%); (2) low-level TB burden (TB incidence in the lowest 30%); and (3) mid-level TB burden (TB incidence in the remaining 40%). Three counties or districts were then randomly selected from those with high and low TB burdens, and four counties or districts randomly selected from those with mid-level TB burdens. A total 10 counties and districts were selected. Finally, one community from each county or district was randomly selected as a study location. A total 10 communities were selected as the final study areas. One thousand residents from each community were randomly selected as study participants. People in the study communities who met the following criteria were included in the survey: aged ≥15 years; lived in the study place for more than half a year. People who could not express themselves clearly (who had disturbance of consciousness or difficulties with speech or hearing) and who were unwilling to participate in the survey were excluded. During recruitment, we explained the study objectives in detail to potential participants, who were then asked if they would be interested in participating in the survey. The informed consent form included information about ensuring that confidentiality was given to those who agreed to participate. Consent forms were then signed as confirmation of participants' voluntary participation.
Questionnaire
A standardised questionnaire (questionnaire on TB core knowledge, which was compiled by the National Center for Tuberculosis Control and Prevention, Chinese Center for Disease Control and Prevention) (see online supplementary data 1) was used to collected data from all counties and districts. It included the following: (1) questions on sociodemographic profile (age, sex, occupation, ethnicity, education, county, or district of residence); (2) five questions covering core TB knowledge areas including: (i) classic TB symptoms such as coughing up blood-tinged sputum, (ii) TB modes of transmission, (iii) curability of TB, (iv) location of, and services provided by, local TB dispensaries, and (v) the national free TB treatment policy; (3) questions about receiving TB health education, methods of obtaining knowledge about TB, and participants' preferred sources of TB information. It was pilot tested with 150 participants and assessed for validity and reliability. We used explanatory factor analysis to analyse the construct validity of the questionnaire and Cronbach's α coefficient to determine the internal reliability of questionnaire by SPSS V.18.0 (Chicago: SPSS, Chicago, Illinois, USA). The results showed Kaiser-Meyer-Olkin (KMO) measure=0.74, Bartlett's test=21188.253, df=10, p<0.001. Cronbach's α coefficient was 0.801. The results indicated that the validity and reliability of the questionnaire was acceptable.
All questionnaires were administered by trained investigators recruited from among local TB health workers in villages or communities throughout the province.
Ethical considerations
The study was approved by the China National Ethics Committee of Operational Research on TB, and the Center of Disease Control and Prevention of Guizhou Province.
Data analysis EpiData V.3.1 was used for data entry, and SPSS V.18.0 was used to analyse the data. Missing data were excluded from the analysis. Percentages were used to describe the characteristics of study subjects. To assess TB knowledge among respondents, the percentage of people who provided correct responses to each question on core knowledge about TB was calculated. Overall awareness about TB was calculated as follows: Percentages were used to describe sources of TB knowledge and the preferred source for delivery of TB health education among respondents. We used χ 2 statistics to assess participants' responses by county or district, sex, age, education, occupation, and ethnicity. Multiple logistic regression models were used to examine factors associated with core TB knowledge (correct answer=1, incorrect answer=0) and having received TB health education (yes=1, no=0) among respondents. A two-tailed probability level of <0.05 was used as the level of statistical significance.
RESULTS
This study was conducted in three counties with a high incidence of TB (Nayong, Luodian, and Zhoutaijiang counties), four with mid-level TB incidence (Dejiang, Ziyun, and Zunyi counties and Huairen District), and three districts with low TB incidence (Zhouxinyi, Baiyun, and Zhongshan districts) (figure 1). A total of 10 643community members were asked to participate in the survey, but 375 declined and 10 268 finally completed the survey questionnaire (response rate 96.5%). Thirty-one migrant participants were excluded from the final analysis, according to our inclusion criteria. Thus, data from 10 237 participants were included in the analysis.
Respondent characteristics
Demographic characteristics of participants are presented in table 1. Of the participants, 57.7% were female. All respondents were aged ≥15 years, but most were between 30 and 70 years old (75.6%). A total of 56.5% had Han ethnicity. More than 90% of participants had a junior middle school level of education or below. The majority of respondents were peasant farmers. Residents from counties with high, middle, and low TB burdens comprised 30.3%, 39.6%, and 30.1% of respondents, respectively. Notably, only 35.1% of participants had previously received TB health education.
Core TB knowledge and TB health education The overall TB core knowledge rate was 41.5%. For each item of core TB knowledge, about half of respondents had some knowledge of TB signs and symptoms (58.3%), routes of TB transmission (50.1%), and local TB health facilities (46%). However, less than one-third of survey respondents knew that TB is a curable disease (28.8%) and that anti-TB drugs are provided free of charge in China (24.2%) (figure 2A). It is notable that only 8.7% of respondents gave correct answers to all five questions, and 26.4% had no knowledge about TB whatsoever (figure 2B).
Results of a χ 2 test are shown in table 2 and results of  multiple logistic regression analysis are presented  in table 3 . More men than women had some core TB knowledge for all items, except curability, and results of multiple logistic regression analysis also found women had poor TB knowledge for all items except for curability. The percentages of participants who had TB knowledge for all items decreased with age and increased with education level, except for China's free-service TB treatment policy. Multiple logistic regression analysis confirmed that higher educational level was related to greater TB knowledge for all items, but participants aged ≥40 years had better knowledge of China's free treatment policy.
More minority participants had knowledge of signs and symptoms and curability of TB, but Han participants had better knowledge of the local appointed TB health facility. Multiple logistic regression analysis confirmed that those ethnic minorities had better knowledge of the signs and symptoms of TB and curability of TB, but had poor knowledge of routes of TB transmission and local appointed TB health facilities.
For occupation, respondents who worked in government institutions had greater knowledge of all items on TB, except for the free TB treatment policy, but multiple logistic regression analysis found that participants from enterprise, retired people, and other participants had poor knowledge of the signs and symptoms of TB and routes of TB transmission, students had poor knowledge of local TB health facilities and curability of TB, peasants had better knowledge of the free TB treatment policy, and participants from enterprise had better knowledge of the curability of TB.
Residents of counties and districts with a mid-level TB burden had the most TB knowledge, whereas those from counties and districts with low TB burdens had the least information about all items, except for local TB health facilities and this was confirmed by multiple logistic regression analysis. Participants from counties and districts with a low TB burden had poor knowledge of signs and symptoms and curability of TB and better knowledge of local appointed TB health facilities, and residents in a district under province had poor knowledge of TB signs and symptoms, local appointed TB health facilities and curability of TB, but better knowledge of free policy. All survey respondents who had received TB health education had greater knowledge, except for the TB free policy. Multiple logistic regression analysis showed that having received previous TB health education was associated with better knowledge of all items, except for China's free TB treatment policy (OR=0.98 (95% CI 0.88 to 1.09)).
In addition, we observed that study participants who were male, younger, more educated, better employed, and from a district under province had the most opportunities to receive TB health education (table 2) . Multiple logistic regression analysis similarly showed that women, the aged, and those employed in nongovernment institutions, living in counties with low TB burdens had less accessibility to TB education, but that educated, people with minority ethnicity and residents in a district under province had better accessibility to TB health education (table 3) .
Sources of TB knowledge
Responses to our survey indicated that the most common source of information about TB was television (32.1%), the second was relatives and friends (30.4%) and leaflets (30.4%), the third was education provided by a health worker (29.8%), and the fourth most common source was education delivered by community leaders (24.8%) (figure 3). However, we found that common methods used to deliver health education, such as posters, exhibits, banners, billboards, school health education, free medical consultations, and health lectures, did not reach the targets expected.
Preferred sources of TB knowledge
The most preferred methods for obtaining knowledge about TB were education provided by health workers (61.3%); this was followed by television broadcasts, movies, websites, or videos (40.7%). Less preferred sources of knowledge included education provided by community leaders (35.6%); chatting with relatives and friends (22.3%); and posters, exhibits, banners, or billboards (18.2%). Commonly used by health educators, leaflets were preferred by only 10.7% of survey respondents. Additionally, 11.3% and 7.6% of participants preferred newspapers or magazines and school health education, respectively, for obtaining knowledge about TB ( figure 4) .
Participants' preferred materials for imparting TB knowledge were brochures with pictures (30.1%), audiovisual products (23.4%), text-only brochures (15.9%), and the internet (5.9%). However, close to 40% of participants had no specific preference (figure 5).
DISCUSSION
A lack of knowledge about TB among the general public is a continuing problem in China, and a barrier to its control. 3 National and local TB programmes have endeavoured to promote public knowledge about the disease and national and local surveys were recently conducted to evaluate public TB awareness across China, particularly at the end of the 10-year National Plan to Control TB (2001-2010) (unpublished material). [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] These surveys showed poor TB awareness among the public in most regions. Exceptions included the districts of Pingliang in Gansu Province and Tongling City in Anhui Province, which reported overall awareness of TB of 80.3% 17 and 78.7%, 18 respectively. The 5th National TB Epidemiology survey in 2010 showed that only 57% of the population had adequate TB knowledge. 16 Surveys conducted in 2010 in more developed regions of the country showed an overall awareness of TB of 45.66% in Zhejiang Province 19 and 52.9% in Shenzhen Figure 3 Major sources of TB knowledge among residents in Guizhou province, China.
District in Guangdong Province, 20 which are far below the 80% level required by the 2001-2010 National Plan. 7 The overall awareness of TB in southwest China reported in 2010 was even lower, with 44.2% in Gongga, Tibet 21 and 33.31% in Guizhou Province. 22 The new National Plan to Control TB (2011-2015) was completed in 2015. Our survey found that the overall public awareness of TB in Guizhou Province was 41.5%, which is an improvement on the 2010 survey results (33.31%). Nevertheless, this is far below the requirement for 85% according to this new National Plan. Our survey also found that 26.4% of residents in Guizhou had no core knowledge of TB. We also found that <30% of study participants knew about the policy for free TB treatment or about the curability of TB; these results were lower than those of the 2010 survey (33.4% for the free treatment policy and 29.3% for curability) in this province. 22 Our survey found that men had greater TB knowledge than women in Guizhou. This is consistent with previous surveys in other regions of China, 19 20 23-26 which suggests that women should be a target population for the promotion of TB health education. Core knowledge about TB in Guizhou decreased with age, similar to previous surveys in Shenzhen, Wuhan, and Guangzhou. 20 25 26 We also observed that people with higher levels of education had greater TB knowledge, which is also consistent with previous reports in Zhejiang, Jiangsu, and Gansu. 17 19 28 These results may partly explain why older adults and people with lower education levels are often susceptible to TB. Only 35.1% of respondents had ever received TB health education. Inadequate TB health education is probably the main reason for the low public awareness of TB in China's Guizhou Province.
This study and previous reports 30 31 showed that health education has a major role in improving TB knowledge and awareness, health-seeking behaviour, and adherence to treatment, thus reducing the incidence of drug-resistant TB and TB infection. The Chinese government has actively promoted health education. The Practical Toolkit for promotion of TB control and prevention was issued by the Chinese Center for Disease Control and Prevention of the Ministry of Health Foreign Loan Office in 2005. 32 The Guidelines on Enforcement of the Chinese Tuberculosis Control Program issued in 2006 and 2008 include a chapter on TB health promotion and provide an indicator of TB core knowledge for target participants, to assess its implementation. 9 10 In addition, the guidelines specify five items of core knowledge about TB. 9 10 A series of health promotion and health education activities have been carried out across China in recent years. However, public awareness about TB has not improved substantially and remains far below the requirements of the National Guideline, as discussed above. This survey also found that residents of Guizhou Province with lower socioeconomic status (women, older adults, the employed in non-government institutions, and people with lower education levels) had less access to TB health education, excluding the 35.1% of participants who had previously received such education. Hence, reassessment of ways to improve access to, and effectiveness of, TB health education for populations at different socioeconomic levels is advisable. For health education, certain modes of communication are more useful for particular groups than others. 33 Conducting a needs assessment is vital to understand the target population, such as the prior population and preferred mode of communication for a specific group, so as to develop more effective strategies. 33 34 However, few studies have paid sufficient attention to an assessment of needs. Our study found that disadvantaged people (women, those with less education, and older or underemployed adults) have more limited access to TB health education and for them, developers of education programmes should rethink their approach.
A few studies have investigated the sources of knowledge about TB. 21 27 29 35 36 For example, one survey in the city of Chongqing reported that the three main sources of information were relatives or others (66.9%); television, websites, films, and other similar media (41.7%); and posters, exhibits, billboards, and other printed materials (30.48%). 27 A survey in Jilin Province found that leaflets (50.28%), newspapers and magazines (46.6%), and relatives or others (22.94%) were the main sources. 29 In Gongga, Tibet, the main sources were education provided by health workers (44.30%), followed by information from relatives or others (36.50%), 21 and in Inner Mongolia, television (65.6%) and other people (47.2%). 35 Our survey found these sources to be television, followed by relatives and friends, information from leaflets, education provided by health workers, and last, information provided by community leaders. These results demonstrate that the main sources for obtaining information about TB vary by region and across different populations in China.
A few studies have investigated the preferred means and channels for delivery of TB health education. We found that most respondents preferred education provided by health workers; this was followed by information obtained via television, websites, films, and similar media; education by community leaders; and the least preferred method was information received from relatives or friends. As in previous studies, 37 our survey showed that the common methods used to deliver health education are not necessarily preferred by the target population.
Although the National Guidelines for TB Control in China emphasise the need for promotion of TB health education to the public, it is likely that such education is largely ineffective owing to a lack of knowledge of the needs of the target populations. Our results suggest that research into TB health education, including the most effective methods and sources for imparting such education for specific populations, should be undertaken.
Limitations and implications
This study provides empirical data to enable assessment of changes in TB knowledge among residents of Guizhou Province, at the end of the 2010-2015 National TB Control Plan in the province. In addition to assessing core TB knowledge among residents of Guizhou Province, this study also assessed community health education needs, and explored the channels for delivery of TB health education preferred by the community.
However, this study has a number of limitations. First, more questions are required to identify the preferred health education communication mode for populations with different characteristics in order to provide evidence for policy making. Second, we collected data by questionnaire alone rather than using both quantitative and qualitative research methods, which would have provided a deeper understanding of the factors associated with poor TB awareness and the TB health education needs of different communities. Last, TB health promotion and education are intended to influence behavioural change, and encourage the public to take appropriate measures to prevent TB infection and improve their adherence to treatment. 16 It is best to combine core knowledge assessment with evaluation of behavioural change using behaviour indicators 38 to assess the impact of TB health promotion and education.
To design more effective and feasible TB health education programmes for specific target populations, formative research 39 40 and implementation research 41 to improve programme designs are warranted. First, formative research should be concerned with using participatory research methods and mixed research methods (other than a questionnaire alone) to collect data. 40 Second, based on the results of formative research, designing health programmes using participatory methods 42 would improve their acceptability among all populations. Third, implementation research is needed to improve implementation strategies of evidence-based TB health education programmes.
CONCLUSION
Public awareness of TB is low in Guizhou Province, China. Evidence from this survey indicates that accessing TB health education is a possible, effective means to improve core TB knowledge. All opportunities to use health education to raise the public awareness about TB should be taken advantage of in countries with high TB burdens. However, the effectiveness of TB health education programmes should be explored by conducting formative and implementation research so as to improve programme designs.
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